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In 1992 Thermal Infrared Multispectral Scanner (TIMS) ferent lines on the same day. However, there are differ-
data were acquired from the NASA C-130 aircraft over ences when the same area is seen on the two days espe-
the Sahelian region of West Africa as part of the Hydro- cially for the low emissivity values. Some of these
logical and Atmospheric Pilot Experiment in the Sahel differences may be due to soil moisture differences of 2–
(HAPEX). TIMS measures the radiation from the surface 3%, which were observed for the two days. The observed
modified by the atmosphere in six channels located be- surface temperatures were in good agreement with other
tween 8 mm and 12.5 lm in the thermal infrared. By measures, for example, vegetation temperatures agreed
using a variety of techniques it is possible to extract both well with the measured air temperatures. Published by
the surface temperature and surface emissivity from the Elsevier Science Inc.
areas over which TIMS data were acquired. One such
technique was tested with the data acquired during this
experiment. Several TIMS images of both the east and INTRODUCTION
west central sites on 2 and 4 September were processed,

Land surface temperature (LST) and emissivity are keyand the spectral behaviors of different land cover types
variables for explaining the biophysical processes whichwere determined. These included tiger bush, millet, and
govern the balances of water and energy at the land sur-fallow grassland sites. There was a 5–10 K difference in
face. Knowledge of how the fluxes of energy and waterthe brightness temperature over the six channels when sig-
vary at the local and regional scale provide boundarynificant bare soil was visible. Channels 1–3 (8.2–9.4 lm)
conditions for models of atmospheric circulation and wa-were cooler than the longer wavelength channels (9.6–12.5
ter movement in the soils (Bougeault, 1991; Famigliettilm), which is characteristic of soils rich in quartz. These
et al., 1992). The fluxes are also important controllingdifferences in brightness were converted to emissivity dif-
influences in models of ecosystem dynamics and cropferences using the max–min difference (MMD) method.
growth (Choudhury et al., 1986; Gardner et al., 1986;This method relies on an empirical relationship observed
Daughtry et al., 1990; Kustas et al., 1990; Running, 1990;between the range of emissivities and the minimum value
Vidal and Perrier, 1990). An example of the use of re-for the six TIMS channels. The MMD method was ap-
motely sensed LST is given in the recent articles byplied iteratively to several entire scenes for the east cen-
Humes et al. (1997) and Kustas and Humes (1997). Intral site on the two days with the interesting results that
these articles the authors used LST derived from an air-Channel 5 showed very little spatial variation in emissiv-
borne radiometer to produce maps of the sensible heatity and the short wavelength channels observed substan-
flux over the semiarid Walnut Gulch watershed in thetial regions with emissivities of about 0.8 or less. There is
Monsoon 90 experiment. The basic equation for their ap-excellent reproducibility when the same area is seen in dif-
proach is
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In their article Kustas and Humes (1997) were able to (TIMS) as part of HAPEX-Sahel (Hydrological and At-
scale rah over the watershed using surface roughness mospheric Pilot Experiment in the Sahel). In particular,
measurements to obtain remotely sensed estimates of H the effect of atmospheric radiation reflected into the
to within 20% of the ground measurements. To obtain path of the satellite sensor and combined with the emit-
this kind of agreement, it is necessary to determine Ts to ted radiation on the ASTER algorithm is examined.
an accuracy of about 18C.

Several studies have demonstrated that LST can be
MEASUREMENTSrecovered from measurements of the emitted radiation

in the thermal infrared using airborne and satellite HAPEX-Sahel
mounted sensors (e.g., Schmugge et al., 1991). However, HAPEX-Sahel is an international land surface atmo-
extraction of the surface temperature from the surface sphere observation program that was undertaken in west-
emitted radiation is complicated since the problem is un- ern Niger, in the west African Sahel region (Prince et
derdetermined and additional assumptions must be al., 1995; Goutorbe et al., 1997). The overall aims of the
made. It is undetermined in that both the temperature program were to improve our understanding of the role
and surface emissivity are not known. of the Sahel on the general circulation and to seek rela-

Two approaches have been developed to recover tionships between the general circulation and the persis-
LST from multispectral thermal infrared data. The first tent droughts that have affected the Sahel during the last
approach uses a radiative transfer model to correct the 25 years.
at-sensor radiance to surface radiance followed by an The HAPEX-Sahel field program obtained measure-
emissivity model to break the surface radiance into tem- ments of atmospheric, surface and certain subsurface
perature and emissivity. This approach requires atmo- processes in a 18318 area that incorporates many of the
spheric profiles from either satellite sounding, conven- major land surface types found throughout the Sahel. In
tional radiosondes or model atmospheres for the order to obtain data for this large area, an extensive mea-
atmospheric model (Price, 1983, Susskind et al., 1984; surement program was undertaken including field, air-
Chedin et al., 1985) and an emissivity model which is craft, and satellite remote sensing measurements, mainly
typically based on laboratory and field measurements between mid-1990 and late 1992. An intensive operations
(Kealy and Gabell, 1990; Hook et al., 1992; Kealy and period was undertaken for 8 weeks from mid to late
Hook, 1993; Matsunaga, 1994). The emissivity model growing season of 1992. This included a microwave radi-
makes certain assumptions about the variation in emissiv- ometer for soil moisture observations, a visible and near-
ity with wavelength allowing the under-determined set of IR scanner for vegetation and albedo data and a Thermal
equations to be solved. This approach has been adopted Infrared Multispectral Scanner (TIMS) for surface tem-
for the recovery of LST from the Advanced Spaceborne perature and emissivity. This article deals with the analy-
Thermal Emission Reflectance Radiometer (ASTER) sis of data from TIMS to obtain values of the surfacescheduled for launch on the AM-1 platform of the Earth temperature which can be used in Eq. (1) to obtain esti-Observing System (Gillespie et al., 1996; Fujisada, 1994).

mates of the spatial variation of the surface fluxes.The second approach involves extending the Sea
Surface Temperature (SST) split-window approach to

TIMS: Calibration and Processingland surfaces (e.g., Price, 1984; Wan and Dozier, 1989;
TIMS has six channels in the thermal infrared (8–12 lm)Becker and Li, 1990; Sobrino et al., 1991; Vidal, 1991,
region of the electromagnetic spectrum, an instantaneousKerr et al., 1992; Ottl and Vidal-Madjar, 1992; Prata,
field of view is 2.5 mrad and a total field of view of1994; Coll and Caselles, 1997). This approach assumes
76.568 (Palluconi and Meeks, 1985). The data presentedthe emissivity of the surface in the channels used for the
in this study were acquired on 2 and 4 September 1992split window is similar, thereby reducing the number of
at an altitude of 600 m, yielding a spatial resolution ofunknowns. This technique works well for some land
1.5m. At this altitude the ground speed exceeded thecover types, that is, those which are gray bodies, such as
scan speed, and the data are underscanned, with eachvegetation, however, large errors can arise over land
scanline being approximately 3 m apart. TIMS undergoescover types which have markedly different and unknown
a spectral calibration annually, and the central wave-emissivities in the split window channels, for example, a
lengths of the channels shift slightly between calibra-quartz-rich soil. This latter approach will be used to
tions. The central wavelengths of the TIMS channels forproduce the temperature and emissivity products for
this experiment were 8.383 lm, 8.785 lm, 9.18 lm,the Moderate Resolution Imaging Spectroradiometer
9.892 lm, 10.733 lm, and 11.655 lm.(MODIS), which will also be mounted on the EOS-AM-1

For calibration the system is equipped with cold andsatellite to be launched in late 1998.
hot reference sources or blackbodies, whose temperaturesThis study applies the algorithm currently planned
are set to span the range of interest. For most of HAPEXfor use with the ASTER instrument to similar data ac-

quired with the Thermal Infrared Multispectral Scanner experiment the temperature separation between the two
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references was set at 308C. TIMS responds to the incident only be compared to similar brightness temperature
radiance (W/m2 sr cm21) and is related to the brightness measurements made at the surface. Such a comparison
temperature of the observed surface via the Planck equa- was done in which the brightness temperatures of part
tion for blackbody radiation. of the Niger River measured with a hand-held radiome-

Initially the TIMS data were calibrated to radiance ter and an immersion thermometer were compared to
at the sensor (Palluconi and Meeks, 1985). After calibra- the surface brightness temperature recovered from two
tion the radiance at the sensor (LS) can be written as TIMS flight lines. This provides a check on the in-flight

calibration of the instrument as well as the accuracy ofLSj5[ejLBB
j (T)1(12ej)Lsky

j ]sj1Latm
j , (2)

the atmospheric correction. The brightness temperatures
where recovered for Channel 5 were within 0.58C of the mea-

sured brightness temperature, indicating that the TIMSej5surface emissivity at wavelength j,
was well calibrated and an appropriate amount of atmo-LBB

j (T)5 spectral radiance from a blackbody at surface
spheric correction had been applied.temperature T,

Lskyj 5spectral radiance incident upon the surface
from the atmosphere, from MODTRAN, TEMPERATURE/EMISSIVITY RECOVERY

Latm
j 5spectral radiance emitted by the atmosphere,

Equation (3) indicates that if the radiance is measuredfrom MODTRAN,
in n spectral channels, there will be n11 unknowns: nsj5spectral atmospheric transmission, from
emissivities (one per channel) and a single unknown sur-MODTRAN,
face temperature. The set of equations described by aLSj5spectral radiance observed by the sensor.
set of radiance measurements in n spectral channels isThe radiances at the sensor data were corrected for at-
thus underdetermined, and additional information ismospheric effects to obtain the radiance emitted by the
needed in order to extract either the temperature orsurface [Lj5ej LBB

j (T)] using the MODTRAN radiative
emissivity information. This has led to the developmenttransfer model (Berk et al., 1989). MODTRAN derives
of a variety of techniques which differ according to thevalues used for the atmospheric correction based on an
assumptions that they make. Several techniques haveinput atmospheric profile. In this study, local atmo-
been developed which work better in areas where therespheric data in the form of profiles of relative humidity,
is a wide variation in surface emissivity. These include nor-temperature, and pressure were acquired from a radio-
malized emissivity and alpha emissivity techniques (Gil-sonde released within a few hours (at most 4) of the
lespie, 1986; Realmuto, 1990; Kealy and Hook, 1993).overflight (Bessemoulin and Trauille, 1996).
Recently, a new technique was proposed by Gillespie etAfter correction for atmospheric effects including the
al. (1996) which incorporates the advantages of thesereflected sky brightness, the radiance from the ground is
techniques and is termed temperature emissivity separa-given by
tion (TES). This algorithm is planned for use with data
from ASTER. The TES technique is discussed below,Lj5

(LSj2Latm
j )

sj

2(12ej)Lsky
j 5ejLBB

j (T),
detailed descriptions of the other techniques are pro-
vided in Kealy and Hook (1993).

Lj5
ejC1

k5
i p[exp(C2/kjT)21]

, (3)
Temperature Emissivity Separation (TES)

where The following description of the TES algorithm is sum-
marized from Gillespie et al. (1996). The estimated ki-C15first radiation constant53.74151310216 (W m2),
netic temperature, Tk, is taken to be the maximum T es-C25second radiation constant50.0143879 (m K),
timated from the radiances for the n spectral channels:kj5wavelength of channel j (m),

T5temperature (K). Tk5max(Tj), j51, n, (5)
If the surface emissivity is known, it is possible to where (Tj) is calculated from Eq. (4). The emissivity

correct for the reflected sky radiation in Eq. (2) and in- value (e) used in Eq. (4) is set to 0.97 so that typical
vert Eq. (3) to obtain the surface temperature: surface types, vegetation, snow, water, soil, and rock, will

all be within 60.03 of the chosen value. The relative
Tj5

C2

kiln[ejC1/Ljk5
j p11]

. (4) emissivities bj are then found by ratioing the acquired ra-
diance data, corrected for atmospheric effects to the av-

Alternatively, the brightness temperature from the ground, erage of all channels:
assuming an emissivity of 1.0, can be calculated. The
ground brightness temperature does not incorporate cor- bj;

LjLBB(T)
LLBB

j (T)
, (6)

rection for any reflected sky radiation and therefore can
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where If the emissivities derived with Eq. (8) are used to
calculate the temperature from their corresponding origi-

L5
1
6 o

6

j51
Lj, nal radiance value, the n temperatures will differ slightly

if the original temperature estimate was incorrect. An er-
ror of 3 K is not uncommon since the maximum emissiv-LBB

j (T)5
C1

k5
j p[exp(C2/kjT)21]

,
ity of many materials departs from the assumed emissiv-
ity of 0.97. This error can be reduced by calculating the
average of the n temperatures and then using the aver-LBB(T)5

1
6 o

6

j51
LBB

j (T).
age temperature to recalculate the bj values. Gillespie et
al. (1996) report that using this iterative approach on lab-In principle, bj may range widely. However, since the
oratory data indicate the error can be reduced to a fewemissivities are generally restricted to 0.7–1.0, the rati-
tenths of a degree. It should be noted that in the currentoed values are restricted to 0.7–1.4.
TES approach the iteration is performed after calculationThe bj values provide a temperature independent in-
of the normalized temperature prior to calculation of thedex which can be matched against bj values calculated

from laboratory/field measurements of natural materials. relative emissivities by ratioing. A final iteration is per-
In the TES method the maximum-minimum difference formed using the emissivities recovered with the MMD.
[MMD5max(bj)2min(bj)] or contrast is related to the For the cases considered here the results converged after
minimum emissivity. A plot of the MMD versus mini- three iterations.
mum emissivity is given in Figure 1. These values were
determined for emissivities measured in the laboratory Reflected Atmospheric Radiation
by Salisbury and D’Aria (1992) with some additional re- Examination of Eq. (2) indicates that part of the radiance
cent measurements for the HAPEX-Sahel soils from the from the ground is reflected atmospheric radiation. In
group at the University of Strasbourg (Nerry et al., 1996) order to correct for this term, that is, to obtain the Lj,
and for three soils from the Jornada Desert in New Mex- the surface emissivity must be known. Since this is rarely
ico. The emissivities were also measured by Salisbury. the case, either a default value is used or the term is
The minimum emissivity is estimated from the observed ignored. In the case of dry cold atmospheres, this term is
MMD using very small since the amount of downwelling atmospheric

emin50.99420.687*MMD0.737, (7) radiation is small and radiance is reflected as 12e. Values
calculated from MODTRAN radiative transfer modelwhich is derived from a regression fit to the data. This
(Berk et al., 1989) are around 1–2% of the at-sensor radi-value is used to calculate the emissivities from the b
ance. However, if the atmosphere is warm and wet, thisspectrum:
value can rise substantially. For the 4 September case con-
sidered in the next section, the values ranged from 40%ej5bj1 emin

min(bj)2. (8)
to 57% of the at-sensor radiance depending on the chan-
nel for the cooler targets. The percentage was largest
(.55%) for Channels 1 and 6. The importance of the
downwelling radiation was noted in the results from theFigure 1. The MMD–emin relationship, the curve is a plot of
earlier HAPEX-MOBILHY experiment (Schmugge et al.,Eq. (7).
1991). In order to correct for this effect, an iterative ap-
proach has been proposed by Schmugge and Hook
(1995). This involves using the emissivities derived from
the chosen temperature/emissivity recovery algorithm to
recalculate the ground radiance and rerecover the tem-
perature and emissivity. The recovered temperature and
emissivities converge after two or three iterations.

RESULTS

An example of the brightness temperature (TB) data is
given in Figure 2; TB is the temperature a black body
would have for the radiance Lsj given in Eq. (2). This
image is for the east central site (ECS) and shows Chan-
nels 5, 3, and 1 displayed in red, green, and blue, respec-
tively. The temperature range is from 308C to .458C.
The red color in the image is an indication of differences
in the emissivity for the exposed bare soil areas. The
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Figure 2. TB image of the east central site (ECS) for two passes on 4 September 1992. It contains 1000 scans or
about 3.2 km in the east-west direction and 900 m across-track. The brightness temperature range is from
308C to 458C. Channel 5 is in red, Channel 3 in green, and Channel 1 in blue. The top image is for line 3 and the
bottom for line 2. The three targets areas are indicated.
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Table 1. Air Temperatures at East Central Site in 8C

2 Sept. 1992, Day 246 4 Sept. 1992, Day 248

Line 2 30.3@12:50 31.6@13:40
Line 3 25.6@13:20 32.1@14:00

in the image. In the Channel 5 image there is a distinct
dark sinuous band near the east edge. The band occurs at
a breakaway (Sandy skirt) between the lateritic plateau
and surrounding lower ground. At the breakaway the
weathering profile of the soil is exposed. This typically
consists of a hard surface capping of iron oxides above a
mottled zone of iron oxides and kaolinite, and a saprolitic
zone of various clays and other secondary minerals. TheFigure 3. TB values for three targets at the ECS. The solid

symbols are the values at the aircraft and open symbols lower values in the emissivity data for Channel 5 most
are the values at the ground, that is, before and after likely relate to the presence of abundant carbonate and
correcting for the effects of the 600 m of atmosphere clays exposed in the mottled and saprolitic zones.between the ground and the aircraft.

The TES derived emissivities for the 3 sites referred
to in Figure 3 are presented in Figure 5 for both passes.
The solid symbols are the results from line 2 and thestriped vegetation patterns of the tiger bush is shown on
open symbols with the dashed lines are for line 3. Therethe eastern portion of the scene. There is a transition
is excellent agreement between the two lines. Especiallyfrom the tiger bush plateau to cultivated valleys. This
for the bare soil case, where the emissivities for Chan-transition or breakaway zone exposes the soil profile typi-
nels 1, 2, and 3 are about 0.75 in both lines. There is acal of a laterite. The radiances for three selected targets
little more difference for the two vegetation targets espe-(z10–12 pixels each) in the scene for the east central
cially for the millet field and for the shorter wavelengthsite were obtained from the images. The sites were: a
channels. Note that there are observation differences forfully vegetated section of the tiger bush, a bare soil and
the 2 lines; for line 2 the targets were in the northernhighly vegetated section of a millet field. The brightness
half of the swath while for line 3 they were in the south-temperature values (TB) before, that is, at the aircraft,
ern half of the swath. Recall that at the 600 m altitudeand after atmospheric correction are presented in Figure
the scene is underscanned so that only about half of the3. These results are from line 2 on 4 September 1992.
area is actually seen. Thus, even if the same areas areThey show about a 10 K range of TB for the bare soil
covered on both lines, slightly different pieces of the ter-field after correction to a range less than 0.5 K for the
rain may be seen; for example, for the millet field wetiger bush. The millet shows a little more spectral varia-
may be responding to slightly different amounts of baretion because of the possibility of some bare soil showing.
soil for the millet target on the two flight lines. Also noteNote that even for a 600 m flight altitude the atmo-
slight differences in the derived temperatures for allspheric correction was up to 2 K for the bare soil and
three targets. Line 3 was flown about 20 min later thanabout 0.5 K for the tiger bush and also that the bright-
line 2, and there was a 0.58C in the air temperature overness temperatures at the ground still include the re-
this interval, not enough to account for the 1–1.58C dif-flected sky brightness. The same area was over flown on
ference in the derived temperatures for the vegetationline 3 about 20 min later with similar results except that
targets. However, for the tiger bush the derived temper-the temperatures were about 18 or 28 warmer. For refer-
atures are within 18C of the air temperature.ence the air temperatures measured at the east Central

In Figure 6 the bare soil results are compared withsite on the two days are presented in Table 1 at the times
emissivity spectra measured for soil samples from the areaof the overflights. The data are the averages from two sta-
by the group from the University of Strasbourg (Nerry ettions (Bessemoulin, 1996; Monteny, 1996) separated by a
al., 1996). The lowest curve is for a soil from one of thefew kilometers. The times of the TIMS overpass are also
millet fields at the ECS. The upper curve is for a samplegiven. These data indicate that a cool air mass moved
from the silty crust between the tiger bush rows on thethrough the site on 2 September between the two passes
plateau. A sample of TIMS data for a similar location iscausing the observed temperature difference.
also shown. These results show that the range of TES de-The TES algorithm was applied to the TIMS images
rived emissivities is consistent with those expected fromwith resulting emissivities shown in Figure 4 for Chan-
the laboratory measurements for the soils from the area.nels 2 and 5 at the same gray scale. Channel 2 has a wide

However, when we compare the data for the samerange of emissivities (0.75<e2<0.97) while the range for
Channel 5 is much less, indicated by the lack of contrast locations on the two days, the agreement is less good as
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Figure 4. Emissivity images for Channels 2 and 5 derived from the image in Figure 2. The emissiv-
ities for both channels are in the same gray scale which ranges from ,0.8 (black) to .0.97 (white).
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Figure 5. Comparison of derived emissivities for lines 2 and Figure 7. Comparison of derived emissivities for line 2 on 2
3 on 4 September 1992 for the ECS. The values of the and 4 September 1992 for the ECS. The values of the
derived temperature are given in the legend. The solid derived temperature are given in the legend. The solid
symbols are line 2 and the open symbols are for line 3. symbols are for 4 September and the open are for 2

September.

seen in Figure 7. Here the open symbols and dashed
between these two days, also indicating a general dryinglines are for the results from 2 September. Again the
of the soil (Hollenbeck et al., 1996). As Salisbury andagreement for the vegetation targets at the longer wave-
D’Aria (1992) have observed, increased soil moisture willlength channels (4 and 5) is quite good. The agreement
increase the emissivity. So perhaps the observed higheris less good for Channels 1 and 6, indicating that the at-
emissivity for day 246 is real.mospheric correction may not have been as good on 2

September. Also, the derived temperatures were cooler
on 2 September. Indeed the sky was cloudier on this day Atmospheric Correction
and there was a large temperature difference, z48C, ob- The sensitivity to atmospheric parameters was tested by
served when lines 2 and 3 were compared for these sites. varying the relative humidity by 610% from the measured
There was a corresponding decrease in the air tempera- values for the 4 September case. The idea here is that
ture between the two passes. In addition to these tem- most of the atmospheric uncertainty will be in water vapor
perature differences ground measurements of soil mois- content. We recognize that the low altitude of the flight
ture at the ECS showed a 2–3% drying between 2 and reduces the effect of the atmosphere; however, there is
4 September (Chanzy et al., 1997). There is also a 14 K still a noticeable effect on the MODTRAN output. The
increase in the 21-cm microwave brightness temperature MODTRAN results are given in Table 2 and show that

varying the atmospheric water content by 10% has about
a 10% effect on the atmospheric parameters, e.g., the ab-

Figure 6. Comparison of laboratory measured emissivity
sorption (12s) increases by about 10% as do the radia-spectra with TES results for bare soil. These measure-
tion components. The effect of these changes on the de-ments were performed by the group from the University of

Strasbourg on samples taken from both the east and west rived emissivities are given in Table 3 and shown in
central sites. Figure 8 for tiger bush in a) and for the bare soil in b).

For the tiger bush there is about 0.1 K change in derived
temperature and about 0.5 K change for the bare soil.
The effect on emissivity is smaller for the tiger bush
z0.005, that is, for the high emissivity targets; for the
bare soil target the effect is larger, z0.03, in Channels
1, 2 and 3. These results give a quantitative indication of
the sensitivity of the approach to the atmospheric correc-
tion and demonstrate the need for doing this accurately.

DISCUSSION AND CONCLUSION

A version of the TES algorithm was implemented and
tested on several 1000-scan TIMS scenes for the east and
west central sites in the HAPEX-Sahel experiment. The
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Table 2. Atmospheric Parameters Required for Eq. (3) on 4 September 1992
for Three Humidity Levels: as Measured and Multiplied by 1.1 or 0.9a

As Observed 110% 210%TIMS
Channel s Latm Lsky s Latm Lsky s Latm Lsky

1 0.710 2657 5675 0.688 2855 6031 0.732 2453 5300
2 0.818 1731 4381 0.800 1901 4761 0.837 1557 3970
3 0.854 1419 4133 0.836 1587 4542 0.871 1252 3704
4 0.863 1341 4567 0.842 1545 5050 0.883 1147 4092
5 0.825 1673 4815 0.797 1942 5468 0.852 1417 4167
6 0.756 2217 5528 0.720 2537 6190 0.790 1908 4853

a The units for L are mW/m2 sr lm. These values are for a nadir angle 208 which is appropriate
for these two targets.

Table 3. Sensitivity of Derived Emissivities to Atmospheric Variations

Tiger Bush Bare SoilTIMS
Channel e e(110%) e(210%) e e(110%) e(210%)

1 0.981 0.980 0.982 0.747 0.731 0.759
2 0.976 0.973 0.978 0.748 0.730 0.761
3 0.978 0.975 0.981 0.754 0.736 0.768
4 0.978 0.975 0.981 0.922 0.913 0.926
5 0.978 0.975 0.980 0.958 0.953 0.958
6 0.971 0.970 0.974 0.956 0.958 0.953

scenes were from five different flight lines on 2 and 4 sites by the group at the University of Strasbourg and
cover about the range of emissivities.September 1992 from an altitude of 600 m. Results from

two of lines are examined in some detail and presented The study illustrates that the TES algorithm is sensi-
tive to any residual atmospheric effects which are not re-here. There is excellent reproducibility when the same

area is seen in different lines on the same day. However, moved. This occurs since any residual atmospheric ef-
fects dictate the min–max difference for a spectrally flatthere are differences when the same area is seen on the

two days especially for the low emissivity values. Some of target (e.g., vegetation), which in turn will set the mini-
mum emissivity derived from the calibration curve giventhese differences may be due to soil moisture differences

observed on the two days. The spectral emissivity varia- in Figure 1. In order to minimize residual atmospheric
effects, TIMS Channels 1 and 6 were excluded fromtions for our soil targets are in qualitative agreement

with laboratory measurements made on soils from these temperature recovery with the TES calculation. Once

Figure 8. Effects of atmospheric correction uncertainties on the derived emissivities for two sites from line 2
on 4 September 1992. The three curves are for the humidity as measured and for it increased/decreased
by 10%. The upper figure is for the tiger bush site and the lower is for Bare Soil site. The derived temperatures
are indicated in the legends.
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resolution physical method for temperature retrievals fromthe temperature had been recovered the emissivities
the Trios-N series. J. Clim. Appl. Meteorol. 24:124–143.were recovered for all channels. These results suggest

Choudhury, J., Idso, S. B., and Reginato, R. J. (1986), Analysisthat using the TES algorithm temperatures and emissivi-
of a resistive-energy balance method for estimating the evap-ties can be recovered to an accuracy suitable for use in
oration from wheat plots using one-time-of-day infrared tem-climate modeling and the results are repeatable on dif- perature observations. Remote Sens. Environ. 19:253–268.

ferent days. Coll, C., and Caselles, V. (1997), A split-window algorithm for
Our results indicated a large sensitivity to the values land surface temperature from AVHRR data: validation and

used for the atmospheric corrections, which in our case algorithm comparison. J. Geophys. Res. 102(D14):16,697–
was done using MODTRAN 3.5 with nearby radiosound- 16,712.
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